This article applies the stochastic-frontier model to examine total factor productivity (tfp) and its components in Latin America between 1960 and 2010. The likelihood-ratio test shows that, for a selection of Latin American countries over the 50 years analysed, the macroeconomic variables of technical inefficiency included in the model generally have a significant effect; and they allow for a better understanding of technical inefficiency throughout the region. The key variables explaining technical inefficiency in the selected countries are public expenditure and the inflation rate; and there is also an inverse relation between technical inefficiency and the extent to which local prices diverge from purchasing power parity.
Using the concept of total factor productivity (tfp), quantified using the Cobb-Douglas production function, Solow (1957) introduced the measurement of the contribution made by technical progress to per capita output growth. This author estimated the production function of the United States economy from 1909 to 1949, and established the existence of a residual, measured as the difference between the growth rates of real output and the weighted growth rates of the individual factors of production, capital and labour. The importance of technical progress, which was discovered when attempting to break down the growth rate of real output using the growth rates of the factors of production, is known as the Solow residual.
The notion of technical progress then came to be used as an abbreviated expression for any shift of the production function. Nonetheless, based on empirical studies founded on growth accounting and inspired in the neoclassical model, some authors started to claim that several causes could be closely related to the measurement of the residual. Drawing on Solow's work, a number of empirical studies were performed -such as those of Griliches (1996) , which uses various methodologies and samples-aimed at analysing the components of the aforementioned residual, with a view to quantifying as precisely as possible the real contribution that technical progress makes to output growth. Orea (2002) studies panel data based on information from Spanish banks and proposes a parametric breakdown of the Malmquist index. The results show that tfp growth can be attributed mainly to technical progress. Färe, Grosskopf and Roos (1998) also study productivity and the Malmquist index. The empirical studies of Färe and others (1994) ; Johnson and Kuosmanen (2012) ; Lee and others (2013) , and Wang and others (2014) , among various authors, also show that it is possible to study the productivity of economic agents using non-parametric or semi-parametric methods. For example, data envelopment analysis (dea) is a non-parametric methodology that can be used to evaluate the technical efficiency of productive units and estimate the Malmquist index.
The present article reports an application of the tfp decomposition procedure suggested by Bauer (1990) and Kumbhakar (2000) to a sample of Latin American countries for the period 1960-2010, based on the stochastic production-frontier model. The advantage of this approach is that allows tfp to be broken down into components that characterize the general production process. The procedure used makes it possible to identify the components of technical efficiency, which reflect the way an economy moves towards the production frontier, as distinct from the technical progress component, which represents a shifting of the frontier itself.
An advantage of the procedure used by Bauer (1990) and Kumbhakar (2000) is that by permitting a flexible specification of the production frontier, such as translog, tfp can be broken down into the components of technical efficiency, allocative efficiency, scale effect and technical progress. This procedure is superior to decomposition using the tfp Malmquist index (based on a production frontier that is restricted by the imposition of constant returns to scale), which is used in many other studies. In this case, according to Färe and others (1992) , tfp is divided into just two elements: the variation in technical efficiency and technological change. This line of research also includes studies by Kumbhakar and Lovell (2003) ; Sauer, Frohberg and Hockmann (2006) , and Henningsen and Henning (2009) .
This article uses the stochastic-frontier model to analyse the contribution made by tfp to economic growth in a sample of Latin American countries; for which purpose it examines the components of technical efficiency, allocative efficiency, scale effect, and technical progress in the variation of tfp in those countries. It thus contributes to the empirical literature for a better understanding of the real factors that underlie the economic performance of the sample countries over a 50-year period. A further aim is to understand the influence of the vector of macroeconomic variables on the technical efficiency of the countries in the sample, through the technical inefficiency model, following Battese and Coelli (1995) .
The article is divided into six sections including this introduction. Section II briefly explains the stochasticfrontier model and the tfp decomposition procedure; and section III presents the databases, sample of countries and the econometric model used. Section IV demonstrates the calculation of the tfp decomposition, using the Bauer (1990) and Kumbhakar (2000) procedure; and section V presents the results of the estimation and breakdown. The sixth and last section puts forward a number of final thoughts. 
II

Stochastic frontier and tfp decomposition
This study uses stochastic production-frontier analysis, which is one of the methods adopted in the technicalinefficiency literature, to identify one of the components of tfp, namely technical efficiency. The approach uses econometric (parametric) techniques, whose production-frontier models are used to study technical inefficiency, and it is recognized that output can be affected by random disturbances that are outside producer control. Unlike non-parametric approaches, which assume deterministic frontiers, stochastic-frontier analysis allows for deviations from the frontier, for which the error can be broken down into changes in technical efficiency and random disturbances.
In the deterministic-frontier models, deviations from the production frontier are attributed to the producer's technical inefficiency; but those models ignore the fact that production can be affected by random disturbances outside producer control, such as strikes or environmental conditions, among others.
Stochastic-frontier analysis originated in articles by Aigner, Lovell and Schmidt (1977) and Meeusen and Broeck (1977) , which were followed by the work of Battese and Corra (1977) . Those original studies present the structurally composed error term in the context of the production function. Since then, various authors have collaborated, including Battese and Coelli (1995) , who modelled technical inefficiency as time-variant, formalizing the technical inefficiency of the stochastic production function for panel data. The present article adopts the model proposed by Battese and Coelli (1995) and Coelli, Rao and Battese (1998) . Accordingly, the stochastic production-frontier model can be described through equation (1), where y it is the vector of quantities produced by the various countries in period t; x it is the vector of factors of production used in period t, and β is the vector of parameters defining the production technology. 
The terms v it and u it are vectors that represent different error components. The first relates to the random part, with a truncated normal distribution, independent and identically distributed, with a constant variance of σ 2 , (v ~ iid N (0, v 2 v )); whereas the second represents technical inefficiency, in other words the part that constitutes a retreat from the production frontier, which can be inferred from the negative sign and the constraint u ≥ 0. These are non-negative random variables with a zero-truncated normal distribution, independently distributed (not identically) with mean μ it and constant variance u 2 v ; in other words (u ~ NT (μ, u 2 v )). As the error components are mutually independent and x it is assumed exogenous, the model can be estimated using the maximum-likelihood technique.
Unlike the model used by Pires and Garcia (2004) , this one has the advantage of allowing inefficiencies and input elasticities to vary through time, which makes it easier to identify changes in the production structure.
The effects of technical inefficiency (e it ) are expressed with the following characteristics:
where: z it is a vector of explanatory variables of the technical inefficiency of the i-th productive unit (country) measured in time t; δ is a vector of parameters associated with the variables z it ; and w it is a normally distributed random variable with zero mean and variance w 2 v . It is assumed that e it has a zero-truncated normal distribution, so its mean is w it = z it δ t .
Under this formulation, a functional form is defined, as presented below; and this is used to obtain tfp, which is then broken down into its components.
The decomposition of tfp through the wellknown Malmquist index, which separates the total productivity index into technological variation and efficiency variation, has been widely used by a number of authors. For example, Laborda, Sotelsek and Guasch (2011) study productivity growth in 16 Latin American countries between 1996 and 2006, using a stochasticfrontier approach, and they perform a decomposition of the Malmquist index. Nonetheless, in a more wide ranging study, Bauer (1990) and Kumbhakar (2000) propose a type of decomposition which, in addition to the components listed above, captures productionscale effects and changes in the inefficiency of factor allocation. Section III contains a detailed analysis of how to incorporate these components into analyses of tfp variations. The variables gross domestic product (pib), labour (l), government consumption expenditure (g) and deviation of local prices from purchasing power parity (dppa) were taken from Penn World Table 7.1. The series for physical capital (k) of the individual countries was constructed from estimates based on gross investment, using the perpetual-inventory technique.
The inflation rate data came from the World Development Indicators, although the difficulties in obtaining data for certain countries meant that other sources were also used. In the case of Brazil, the general price index-domestic supply (igp-di) published by the Getulio Vargas Foundation was used.
The sample consists of annual data on capital, labour, gdp, government expenditure, purchasing power parity and inflation from the 19 selected countries, totalling 950 observations forming a balanced panel.
Econometric model
Total factor productivity was calculated using the stochastic production-frontier model proposed by Aigner, Leobel and Schmidt (1977) and Meeusen and Broeck (1977) , which was subsequently improved by Pitt and Lee (1981) and Schmidt and Sickles (1984) . This makes it possible to model the panel data with the productive technical-inefficiency component, according to the foundations used by Battese and Coelli (1995) , which suggest that technical inefficiency is modelled by a vector of variables.
This being the case, a functional form of the production frontier is modelled, in conjunction with a hypothesis about the distribution of technical inefficiency (Battese and Coelli (1995) ).
Firstly, one model was tested using the CobbDouglas functional form and another using the translog form. The adequacy test identified the latter functional form as superior in terms of data consistency.
Accordingly, the translog production-frontier function for the 19 selected Latin American countries was specified as follows: 
where:
L it = labour in country i in period t. a i = fixed effects, with the aim of capturing unobserved heterogeneities in the sample of countries. t = linear trend. t 2 1 2 = quadratic trend.
v it = random disturbances of the production function, which are assumed to be normally distributed with zero mean and constant variance. u it = technical inefficiency of production, modelled as follows:
) represents a vector of variables that explain technical inefficiency, and δ is a parameter of associated with z it .
Under the foregoing hypothesis, it is also assumed that u it is independently distributed in a truncated normal distribution with mean w it = δz it , and constant variance of 2 v~.
The choice of the variables used to model the technical-inefficiency term is based on a number of empirical studies that use this procedure to estimate parametric frontiers involving aggregate data.
The inefficiency variables considered are as follows: z 1t = trend effect. z 2t = government consumption expenditure relative to the gdp of each country. Some empirical studies have been conducted to quantify the effect of current expenditure outgoings on inefficiency. For example, Bittencourt and Marinho (2007) analyse tfp in Latin American countries and discuss the effects of macroeconomic variables in explaining the technical inefficiency component through the stochastic frontier. They find that current government expenditure contributed to increasing technical inefficiency in the countries of the sample between 1961 and 1990. Thus, an increase in government expenditure would be expected to make production more technically inefficient. z 3t = corresponds to the logarithm of 1 + the inflation rate, p, in other words ln (1 + p). This expression is used because it captures the non-linear effects of inflation on technical inefficiency. According to De Gregorio (1992), some countries experienced periods of deflation and hyperinflation, but the influence of those extreme situations on the inefficiency term is attenuated by using the expression indicated above. Inflation is expected to increase the technical inefficiency of production. z 4t = corresponds to the deviation of the local price level from purchasing power parity, using the United States as the benchmark country. This variable serves above all to control for the technical-inefficiency effects of trade policies that involve devaluation of the real exchange rate. The parameters of equations (2) and (3) are estimated using the maximum-likelihood method, which makes it possible to calculate the magnitude of technical efficiencies for each country in the sample.
Tests conducted (a) Functional form
Firstly the Cobb-Douglas and then the translog production functions were estimated, for the purpose of using the adequacy test to choose which functional form to use in the study. Although the Cobb-Douglas functional form is commonly used in frontier-estimation models, it is a simple model with few properties, including constant elasticity and returns to scale (Coelli, Rao and Battese, 1998) .
Thus, in line with several studies, the functional form test is used to estimate both the Cobb-Douglas and the translog forms; and the null hypothesis that CobbDouglas is the appropriate form for presenting the data is tested, given the translog specifications. This can be tested using the likelihood-ratio test. The table published in Kodde and Palm (1986) is used to compare the critical values of the results, given the degrees of freedom. The test proceeds as follows:
After obtaining the two models and their respective maximum-likelihood ratios (ll), the generalizedlikelihood statistic (lr) of the estimated production functions is considered. Then the hypothesis test is applied:
H 0 : LL Cobb-Douglas. H 1 : LL translog. and, consequently, the generalized-likelihood ratio, LR = -2 [ln LL H 0 -Ln LL H 1 ] LR > T KP (Kodde and Palm, 1986 To find an ideal model to represent the data, further functional form tests were conducted in addition to that described above between CobbDouglas and translog. These tests only changed some of the inefficiency variables, but owing to a lack of convergence between certain models, it was impossible to make comparisons.
(b) Absence of technical progress
This test considers whether or not the coefficients of the time-related variables in the translog function are equal to zero. In other words, it tests the hypothesis that a 2 , a 3 , a 5 , a 7 in equation (2) (Kodde and Palm, 1986 Kodde and Palm (1986) .
In this particular study, the estimation without fixed effects did not converge after a large number of iterations, so the model could not be estimated and was rejected for comparison purposes.
IV
Decomposition of tfp
Composition of the data
In order to break the tpf down into its components, the country data were used to develop the initial econometric model, along with the data calculated from that model.
The 19 countries of the sample were maintained for the econometric model, and the period 1960-2010 was maintained for the analysis, with data on capital (k), labour (l) and gdp (y) mainly being used. The factor shares s K and s L were obtained from calculations based on Penn World Table 7 .1 data.
The elasticities e k and e L were calculated on the basis of the respective derivatives of the translog production function used in relation to the corresponding factors of production.
2. Decomposition procedure Bauer (1990) and Kumbhakar (2000) proposed a productivity decomposition that goes beyond changes in productivity to capture the effects of technical innovation. This approach also takes account of production-scale effects. That decomposition is performed by firstly estimating the model of equations (2) and (3), after which it is possible to "compose" the rate of change of tpf based on the results. According to that model, which was used by Pires and Garcia (2004) , on the basis of the formulation proposed by Battese and Coelli (1993) , it is possible to study the effects of each tpf component. The main advantage of this is that it admits the possibility of variable returns to scale.
In this way, the components of productivity can be identified after some algebraic manipulations on the expression that represents the deterministic part of the production frontier. Pires and Garcia (2004) present an index for the tpf growth rate expressed as:
in the deterministic part, it can be seen that:
where: S K = the capital share of income; S L = the labour share of income; e K = the elasticity of capital; and e L = the elasticity of labour.
Returns to scale (rts) are defined as the sum of elasticities, such that:
, and substituting in the index, a number of algebraic operations are then performed:
Equation (6) describes the rate of variation of tfp, g PTF , which can be broken down into four elements: technical progress, variation of technical efficiency, variations in the scale of production, and variations in the efficiency of resource allocation.
Technical progress (pt) is represented by the derivative of the production function with respect to time: 
The change in technical efficiency is denoted by the technical inefficiency coefficient with a negative sign u − c . It should be noted that the change in production scale is given by the expression that contains the returns to scale and growth rates of capital and labour, in other words the third term of equation (6):
Changes relating to allocative efficiency are represented by the last term in equation (6), which relates proportionate returns to scale, the shares of capital and labour, and the growth rates, and is thus measured by:
This methodology, with which productivity is broken down into the four components mentioned, makes it possible to evaluate the repercussion of each one separately. For example, if technology does not change (if PT = 0 in the item defined above), this will not contribute to productivity gains. Similarly, technical inefficiency, which changes through time, will have repercussions on the rate of variation; otherwise, if u 0 − = c = 0, it will not affect that rate. With constant returns to scale (RTS = 1), the third component of the formula for the variation in productivity is zero. Nonetheless, if RTS ≠ 1 productivity can partially explain returns to production scale.
By setting λ K + λ L = 1, one can discern a symmetry in the distances of the shares of k and l with respect to λ, where the capital and labour shares are symmetric and, consequently, have opposite signs. According to a reallocation factor, this means that the intensity of one factor will reduce the intensity of the other; in other words, that capital intensity will reduce the amount of labour, and vice versa.
1. Analysis of the estimation of the production frontier Table 1 shows the model that corresponds to the estimation of the production frontier in the translog functional form, which was the model that best fit the data after the appropriate tests described above. All of the estimated parameters are statistically significant at the 5% level, except for the a 2 of variable t, which did not return a conclusive result.
Nonetheless, the parameters of the stochastic production frontier estimated in terms of the trend components, provide clear evidence that technical progress occurred at an increasing rate (shown by the positive sign of the t 2 variable, which is significant at 1%), which thus means an acceleration in the variation of technical progress.
The value of the technical inefficiency indicator, g, is 0.51. This means that 51% of the total variance of the composed error of the estimation of the translog production function is explained by the variance in technical inefficiency. This makes it very important to incorporate technical inefficiency into the model. Table 1 shows that all of the estimated parameters of the variables included to explain the technical inefficiency
V
Estimation and results
are statistically significant at the 1% level, and have the expected signs.
For example, the estimated coefficient of the trend variable (z 1t ) in the technical inefficiency model has a positive sign and is statistically significant at 1%, which could indicate a tendency for inefficiency to increase in the period studied.
The government current expenditure variable (z 2t ) is significant and has a positive sign, which suggests that the large share of current expenditure in the composition of aggregate spending in Latin American countries, on average, produces inefficiency in the economy. To some extent, these results agree with those obtained by Klein and Luu (2001) , who concluded that countries with high levels of current expenditure tend to be less efficient, since a high level of public expenditure crowds out productive investments and thus generates distortions in resource allocation.
The coefficient of the inflation rate (z 3t ) proved positive and significant, in keeping with the empirical literature that shows the harmful effects that higher rates of inflation have on resource allocation in the economy. Such rates end up inhibiting trade and discouraging capital formation. In this context, it is important to stress that several Latin American countries experienced lengthy LATIN AMERICA: TOTAL FACTOR PRODUCTIVITY AND ITS COMPONENTS • JAIR ANDRADE ARAUJO, DÉBORA GASPAR FEITOSA AND ALMIR BITTENCOURT DA SILVA inflationary periods, which had negative repercussions on the technical inefficiency and development of their economies. In the case of the variable that captures the deviation of local prices from purchasing power parity (z 4t ), the estimated coefficient is significant and has the expected negative sign. This indicates that countries which adopted trade policies based on exchange-rate devaluation succeeded in reducing the level of inefficiency. This type of devaluation can boost exports and consequently support an increase in the installed capacity of the external sector, which leads in turn to an expansion of domestic demand. It is worth highlighting that this effect is greater, the larger is share of the external sector in the local economy.
LATIN AMERICA: TOTAL FACTOR PRODUCTIVITY AND ITS COMPONENTS • JAIR ANDRADE ARAUJO, DÉBORA GASPAR FEITOSA AND ALMIR BITTENCOURT DA SILVA
Analysis of the hypothesis tests
Once the models had been estimated, the respective tests were conducted for functional form, the absence of technical progress and technical inefficiency. Table 2 sets out some of the results. Firstly, the Cobb-Douglas functional form was tested in comparison with the translog model, and then the likelihood-ratio was used to verify the best functional form. This means testing the hypothesis that all of the second-order coefficients and the coefficients of the cross-products of the function defined in (2) are equal to zero. It should be noted that the value of the likelihood ratio was 9.77, which is above the 7.04 critical level of the value statistic of Kodde and Palm (1986) (critical value to the right of the c 2 distribution at 5% with 3 degrees of freedom). It can therefore be assumed that the most appropriate model for the problem under study is the translog functional form. Once the functional form had been chosen, the absence of technical progress was tested. In line with the test described above, the model was estimated in the translog functional form, and with the absence of technical progress. The respective values of the logmaximum-likelihood of each estimation were used to obtain lr = -2 [648.67 -729.28] = 161.22. The result of the test exceeds the critical value of 8.76 with 4 degrees of freedom and significant at 5% in the table of Kodde and Palm (1986) . Consequently, H 0 is rejected, and hypothesis H 1 is accepted, which confirms the presence of technical progress.
Subsequently, the test for the absence of technical inefficiency was applied to the model, with the following results: lr = -2 [670.28 -729.28] = 118.01. Nonetheless, the critical value of the Kodde and Palm table is 8.76, with 4 degrees of freedom and a 5% significance interval. Consequently, the value of the maximum-likelihood ratio exceeds the critical value of the Kodde and Palm (1986) 
tfp and its components
Based on the results of the model estimation obtained above and the income distribution data (s K and s L ), total factor productivity is broken down according to the model described in section IV. Table 3 shows the country averages of the decomposition throughout the period analysed . 1 The results shown in tables 3, 4, 5, 6, 7 and 8 are the average values for each country over 10-year time intervals.
The average economic growth rate in Latin America in the 50 years of the study was 4.2%, whereas the rate of change of tfp for the sample as a whole was -0.3% in that period (see table 3 ). The following tables present those rates separately for each country.
In general, the results agree with those obtained in the studies by de Fajnzylber, Loayza and Calderón (2002) on the growth of the Latin American economies and other countries. Tables 6 and 7 show that the economic growth rates of some countries in the 1990s were less than those recorded in the previous decade. A case in point is Colombia, which grew by 4.67% between 1981 and 1990, and by 4.55% in the following decade. Cárdenas (2007) , who obtains similar results, also shows that the long-term economic growth rate in Colombia has fallen since 1980 owing to increasing levels of violence fuelled by an expansion in drug trafficking activities. Among other countries, the Bolivarian Republic of Venezuela recorded growth of 3.7% between 1980 and 1990, but only 3.6% in the following decade. Source: prepared by the authors. tfp: total factor productivity. Table 3 also shows that the countries that recorded a larger contribution of technical progress to productivity growth in the 50-year period analysed were Argentina, Brazil, Colombia and Ecuador, with indices of around 0.3%. Brazil displayed an average index of 0.4%, as well as the highest indices in the last three decades (see tables 6, 7 and 8). These results coincide with those reported by Pires and Garcia (2004) , which also identified low rates of technical progress in Brazil between 1970 and 2000, because the authors take account of the fact that this country was not a member of the Organisation for Economic Co-operation and Development (oecd), and that the markets of the Bolivarian Republic of Venezuela, Mexico and Peru underwent a process of import substitution related to episodes of economic liberalization, during which the industrialization process slowed down.
As shown in table 3, the 19 countries analysed in this study recorded decreasing technical efficiency, which assumes that the contribution of that efficiency to tfp was negative in all countries. Nonetheless, there was some technical progress in most cases, and output increased in all of them. It is well known that technical efficiency is determined by the distance from the technological frontier and effective use of technologies, so these results suggest that the expansion of the frontier was more intense and faster than the dissemination of new technologies. In other words, some of the countries analysed did not fully keep pace with the technological developments that occurred in the period analysed, possibly owing to problems in the process of diffusion and adoption of more modern technologies.
In a general analysis of the decomposition of tfp, table 8 shows that most of the countries display positive allocative gains, including Brazil. Those results reflect improvements in resource allocation among the factors of production used in those countries.
These results agree with those reported by Pires and Garcia (2004) , whose estimations show that Costa Rica and Trinidad and Tobago displayed the largest distributive gains, represented by indices of 4.2% and 13.5%, respectively. Those two countries were also the leaders in the sample in terms of technical progress during the period studied. Tables 4 and 5 show that Brazil suffered allocative efficiency losses in the first two decades analysed, which are the clear result of a growth strategy that did not take account of the adjustment. It can also be seen that both output and physical capital grew more strongly in the 1970s than in other decades. Those findings agree with those obtained by Pires and Garcia (2004) , who argue that in the 1970s there was an intensive process of resource allocation in the economy, which led to a considerable investment in infrastructure in Brazil.
The analysis of the data presented in tables 4 and 5 shows that the indices of economic growth in Brazil were higher in the first two decades before dropping to around 3% between 1980 and 2000. This is explained by a slackening of growth in the country owing to the exhaustion of the industrialization-via-import-substitution model.
In the five decades examined separately, only Trinidad and Tobago posted negative growth in the decade [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . In general, the pattern of economic growth in the countries is similar, and, as shown in table 6, the average does not exceed 6% in the period studied. The cases of Brazil, Colombia and Paraguay stand out as those with the highest indices of economic growth, averaging 4.3%. The countries with the lowest average growth indices were Argentina and Uruguay, with just 0.59% and 1.10%, respectively.
As can be seen in table 4, all of the Latin American countries analysed displayed negative indices of tfp variation in the first period studied (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) . This situation changed in the subsequent decades, when some countries displayed positive indices. Table 7 and 8 show that all countries except the Jamaica achieved positive indices of tfp growth in the decades of 1990 and 2000. The average growth rate of Brazilian productivity throughout the period analysed were 0.9% per year (see table 3). Table 8 shows that in the analysis of the decade of 2000, there was positive economic growth (averaging 2.5%) in all countries except Jamaica, where output declined by about 0.04%, with Chile growing by an average of 4.5%. Technical progress and economies of scale were positive in all countries; but, while some recorded positive indices with respect to distributive gains, such as Brazil, the equivalent indices were negative in others, such as Uruguay.
VI
Final thoughts
The analysis of tfp and its components in Latin America in the period 1960-2010, using a stochastic-frontier model which includes macroeconomic variables of technical inefficiency, shows that those variables generally have a significant effect that enables better understanding of technical inefficiency throughout the region. The significance of the effects is found both through likelihood tests and through the parameter g, of value 0.51, in the model estimation.
The most important variables for explaining the technical inefficiency of the sample countries, in other words those that display a positive relation to inefficiency, are public expenditure and the inflation rate: the higher these rates are, the more they are associated with technical inefficiency.
In contrast, the variable corresponding to the deviation of local prices from purchasing power parity (used as a proxy variable for the exchange rate) displays an inverse relation with respect to technical inefficiency: the larger deviation of this relative price, the less is technical inefficiency.
Although relatively low throughout the period studied, the average rate of economic growth of the countries studied was positive. Brazil is one of the leading countries in this respect, with a growth rate of 5.5%. The analysis of the 1960s and 1970s shows that the average Brazilian growth rates were around 7%, which possibly coincides with the adoption of the import substitution industrialization model in the countries of the region.
Costa Rica, the Dominican Republic, Ecuador, Guatemala, Mexico and Paraguay recorded similar average gdp growth rates of 5.1%; 4.0%; 4.1%; 5.7%; 4.5%, and 5.4%, respectively. The worst performer in the period was Uruguay, where the average growth rate was just 2.3%.
The results of the decomposition of the change in tfp into technical progress, technical efficiency, economies of scale and distributive gains vary between the countries analysed. Although there is unanimity with respect to technical progress (the average was positive in most of the countries throughout the period analysed), the results in terms of the other components are different.
Lastly, it is worth stressing that the great advantage of this tfp decomposition model compared to that known as the Malmquist index is the possibility of incorporating scale and allocative effects in the analysis of the results.
